ABSTRACT The inßuence of temperature on oviposition behavior, adult longevity, and fecundity on two Norwegian populations of the codling moth, Cydia pomonella (L.), was investigated within the range of 12.3Ð25ЊC. In addition, lower threshold temperatures (T 0 ) and degree-day (DD) requirements for three egg developmental stages are given. The results showed that the Norwegian populations of C. pomonella lay eggs at lower temperatures than reported previously from other countries. Eggs were deposited in Ϸ40% of the containers at an average temperature of 12.3ЊC. However, below 15ЊC, Ͻ40% of the population deposited eggs that developed to the black head stage. Preoviposition period was highly affected by temperature, and it was the only response for which population (West versus East) had a signiÞcant effect. At lower temperatures (Յ15ЊC), the preoviposition period was markedly prolonged in both populations. The western population required Ϸ20 DDs more than the eastern population at a base temperature of 11ЊC, but these results remain to be validated with Þeld data. Temperature had no signiÞcant effect on the realized fecundity per ovipositing female or the fertility of these eggs, and both responses were highly variable at all temperatures investigated. Mean fecundity was 11 eggs per female. All estimates of T 0 for the egg developmental stages were below 10ЊC, which suggests that the base temperature for egg development for the Norwegian populations of the codling moth is 1 or 2 degrees lower than 10ЊC.
THE CODLING MOTH, Cydia pomonella (L.), is the most serious pest of apple worldwide (Barnes 1991) , and it also attacks other fruits such as pear, quince, apricot, plum, and walnut. The species has been intensively studied over the last hundred years in Europe, Asia, America, and other parts of the world where it is present. Many papers have been published on the biology of the species, the relationship between development and temperature, control techniques, natural enemies, formation of geographical races and host races, olfactory communication and mating disruption. Degree-days (DD) were used early to estimate developmental times for the different life stages of the species (Glenn 1922 , Shelford 1927 . Phenology models have been developed and are widely used to predict codling moth ßight periods, oviposition, hatching time of the eggs and generation time for spring-and summer-broods of the moths (Riedl and Croft 1978 , Glen and Brain 1982 , Richardson et al. 1982 , Pitcairn et al. 1992 , Gottwald 1996 , Howell and Neven 2000 . However, these models have been developed in countries (mostly in the United States) that have higher summer temperatures than those in Norway, and might therefore not be applicable to our conditions. Blago and Edland (1991) and Blago (1992a) reported results of testing and adapting the Californian computer model ÔBUGOFF 2Õ (Falcon et al. 1983) , which simulates codling moth egg hatch, to European conditions. The threshold temperature for oviposition referred to by different authors is fairly high, from 15.0 to 18.3ЊC (Isely and Ackerman 1923 , Newcomer and Whitcomb 1924 , Shelford 1927 , Isely 1939 , Parker 1959 , MacLellan 1977 . Blago (1992a) adopted 15.6ЊC as a threshold temperature for oviposition in his work, and this threshold has been used in Norway since 1994. Norway is, however, north of the original range of the codling moth, whose Eurasian origin was south of Norway, Sweden and Finland (Pashley and Bush 1979) . In Norway (and also in Sweden and Finland) the codling moth is distributed in some localities where the mean temperatures in July (the hottest month of the year in most of Norway) are below 15.0ЊC (S¾thre and Edland 2001) . Based on published threshold temperatures for oviposition and the observations on the distribution of the species in Norway, the hypothesis was formed that the Norwegian pop-ulations of the species might have adapted (through natural selection) to a lower threshold temperature for oviposition.
The climate in Norway may be roughly divided into two climatic subzones, (Aune 1993) . The western subzone is characterized by cool summers and mild winters, and most precipitation comes during autumn. The eastern subzone is characterized by warm summers and relatively cold winters, and most precipitation comes during summer. These differences in climate gave rise to a second hypothesis: the eastern and western populations, which are separated by geographical barriers making migration between the two very unlikely, might show different oviposition responses to temperature (egg laying activity, preovipositon period). Under the second hypothesis, one might expect the western population to have slightly lower temperature requirements for oviposition than the eastern.
To clarify the two hypotheses presented above, a laboratory study was initiated to investigate how the two populations of C. pomonella responded to different temperature regimes, with regard to oviposition behavior, adult longevity, and fecundity. In addition, egg development was monitored to estimate lower threshold temperatures and degree-day requirements. The study was carried out with emphasis on lower temperatures.
Materials and Methods
Insects. Codling moth larvae were collected in the Þeld from the eastern and western climatic subzones of Norway, respectively, in late July and early August 1998 and 1999. The eastern population was collected from Gvarv (59Њ 23Ј N, 09Њ 11Ј E), Hjuksebø (59Њ 30Ј N, 09Њ 20Ј E), and Notodden (59Њ 35Ј N, 09Њ 13Ј E) in Telemark county, and from Lier (59Њ 47Ј N, 10Њ 14Ј E) in Buskerud county. The western population was from Sogndal (61Њ 14Ј N, 07Њ 06Ј E) in Sogn og Fjordane county.
The larvae were still feeding inside apples when collected from the trees or the ground around trees. The apples were brought to the laboratory at Ås, where the larvae were allowed to complete their feeding at 60 Ð 80% RH and a photoperiod of 18:6 (L:D) h. The temperature was 24ЊC (Ϯ0.5ЊC) in 1998 and 16.5ЊC (Ϯ0.5ЊC) in 1999. After feeding, the larvae were offered paperboard as substrate for hibernating and pupating, and were transferred to transparent plastic boxes. The higher temperature in the feeding period in 1998 was used in an attempt to prevent the larvae from entering diapause, but rather to pupate immediately after feeding. This would have made it possible to start the experiments with the adult moths earlier. The attempt failed, and 2 mo later (1 October) no larvae had started to pupate. Larval color also indicated diapause. To break the diapause, temperature and photoperiod were gradually decreased to 2ЊC (Ϯ0.5ЊC) and 12:12 (L:D) h photoperiod over 2 wk. The humidity was 60 Ð 80% RH. In 1999, immediately after the larvae had Þnished feeding and left the apples, the temperature and the photoperiod were gradually decreased over 2 wk to 2ЊC (Ϯ0.5ЊC) and 12:12 (L:D) h. The humidity was the same as in 1998.
After 3 mo of cooling, in both years, temperature and photoperiod were gradually increased to 20ЊC (Ϯ0.5ЊC) and 18:6 (L:D) h over 2 wk. Relative humidity was 60 Ð 80%. These conditions were maintained during pupation and emergence of the adult moths. Emergence started 5 1 ⁄2 wk after the cooling period ended, and lasted for 2 wk in 1999 and for about 3 wk in 2000.
In 1998, Ϸ30% of both the eastern and western populations were stored as larvae in an insectary under outdoor-conditions, as a reserve. These larvae also hibernated in paperboard. In March 1999 the larvae were transferred to 10ЊC and 18:6 (L:D) h for 1 wk, then to 13ЊC and the same photoperiod for another 2 wk. At the fourth week, the larva were transferred to 20ЊC, 60 Ð 80% RH, and a photoperiod 18:6 (L:D) h. Emergence of adult moths started 2 wk later and lasted for about 3 wk.
Adult moths that developed from larvae collected in 1998 and 1999 were used in experiments in 1999 and 2000, respectively. It was considered important to use moths emerging from Þeld-collected larvae to avoid possible adaptations to laboratory conditions. Experimental Design. Emerging moths were collected one to several times a day depending on the rate of emergence. Newly emerged moths Յ24 h old, were placed in cylindrical, transparent plastic containers (1,300 ml), and immediately transferred to controlled chambers under alternating or constant temperature regimes (Table 1) . The containers were lined with transparent plastic as substrate for oviposition, and had a net in the bottom as described by Mani et al. (1978) . The moths were supplied with fresh water carefully sprayed on the net once a day, and a pad of cotton wool soaked in a 10% honey solution placed in a small glass tube, which was changed twice a week.
In the experiments conducted in 1999 there were several moths in each container, but at least one of each sex (Table 1 ). In the experiments conducted in 2000, there was one male and one female in each container. In the Þrst year, our intent was to Þnd the minimum threshold temperature for oviposition. However, our assumption of no egg laying at lower temperatures was erroneous, so the experiments were modiÞed in 2000, making it possible to count the eggs laid by each female. In 1999 it was possible to calculate only the average number of eggs per female.
The main experiments were conducted in the experimental chambers with average temperatures ranging from 12.25Ð18.0ЊC (Ϯ0.1ЊC) and a light regime of 18:6 (L:D) h (Table 1 ). The 18-h photoperiod corresponds to the average photoperiod at Ås (59Њ 40Ј N, 10Њ 45Ј E) in June. The alternating temperatures had a square-wave pattern, consisting of a lower and a higher temperature with an abrupt transition (Յ10 min) between them. The light period (18 h) coincided with the higher of the two alternating temperatures. During the 6-h dark period, a weak light simulated the lack of complete darkness that occurs in Norway during the summer. Humidity was uncontrolled in 1999, but maintained at 60 Ð 80% RH in 2000. Additional experiments were carried out at constant temperatures of 25ЊC (Ϯ0.5ЊC) in 1999 and 20ЊC (Ϯ0.5ЊC) in 2000 (Table 1 ), but the number of moths involved in these experiments was not deÞned, and some of the parameters below were not recorded at 20ЊC and 25ЊC.
Egglaying Activity. At each temperature (Table 1 ) the presence or absence of any eggs was recorded. The eggs were examined as groups of eggs in one container, and not singly. The Þrst oviposition event in a container was recorded, independent of the number of eggs laid at the time of recording, or of the Þnal number of eggs laid in the container. In 2000 moths that died without laying eggs, or moths that at the end of the experiment still had not laid any eggs were recorded as nonegg laying.
Fertile Eggs. Eggs that developed to the red ring or to the black head stage (Richardson et al. 1982) were recorded as fertile, while those that did not were recorded as infertile. There could be other reasons for the lack of development in eggs recorded as infertile, like contamination, but this was not investigated further.
Preoviposition Period. Preoviposition, measured in days, refers to the time elapsed from the beginning of the experiment (ϭmoth eclosion) until the Þrst oviposition event, except at 25ЊC. Moths that died without laying eggs, or moths that laid no eggs were excluded.
Adult Longevity. The longevity of male and female moths, measured in days, was recorded in the experiments conducted in 2000 (except at 20ЊC) ( Table 1) .
Fecundity. Realized fecundity was deÞned as the eggs laid during the experiments (except at 20ЊC and 25ЊC). All eggs were counted using a stereo microscope at 40 ϫ magniÞcation, when the Þrst egg(s) in a container had reached the black head stage (Richardson et al. 1982) . In 2000, fertile eggs were distinguished from infertile eggs as they were counted. Mean fecundity and fertility were calculated per number of females in containers where eggs were laid, and per total number of females. In the 14.5ЊC treatment, none of the eggs developed to the black head stage, and the eggs were not counted.
Egg Development. Physiological development time for eggs was determined at all temperatures (Table 1) , except at 25ЊC. The eggs were classiÞed as white, red ring or black head (Richardson et al. 1982) . A container was classiÞed as white when the Þrst egg(s) were laid. The Þrst day that one or several eggs in a container showed the red ring or the black head stage, the date was recorded. In the experiments conducted in 2000, the time of hatching of the last egg in a group was also recorded, i.e., the time when all the eggs that developed normally had hatched. The eggs were examined every 24 h by the aid of a hand lens. However, if there was any doubt about the eggs being alive, the eggs were examined through a stereo microscope at 40ϫ magniÞcation.
Larvae to Adults. When one or more eggs in a container had reached the black head stage (close to hatching), the plastic substrate containing the eggs was transferred to transparent plastic boxes containing a semisynthetic diet after Mani et al. (1978) , and maintained at the same temperature, light and humidity regime from which the eggs came from. Development of larvae and pupae was not investigated, but the boxes were examined every 24 h for adult eclosion. The time to adult eclosion was recorded to obtain information on generation time at the different rearing temperatures, and to assess if and how the different light and temperature regimes affected entrance of larvae into diapause.
Degree-Days. Heat summation, or degree-days, were used to measure the effect of temperature on egg development (oviposition, red ring and black head stages) and hatching time for all eggs in a group. Degree-days were calculated directly from the difference between the mean temperature in each experimental chamber and a lower threshold temperature of 10ЊC (Baskerville and Emin 1969) . The lower threshold temperature of 10ЊC is widely used for C. pomonella (Glenn 1922, Riedl and Croft 1978, Glen and Brain 1982, Richardson et al. 1982 , Gottwald 1996 , Howell and Neven 2000 . Data Analysis. Both binary logistic regression and simple linear regression were used to predict the effect of temperature on egg laying activity and fertile eggs, and were compared to determine which best Þt the data. The effect of temperature, population (both Þxed), and year (random) on oviposition latency, fecundity, fertility and development time (DD) for eggs was determined using analysis of variance (ANOVA) with the general Linear model procedure (GLM) for unbalanced designs (Minitab 2001) . The effect of temperature and sex (both Þxed) on adult longevity was determined by ANOVA (GLM). Multiple comparisons were made for egg development using Fisher least signiÞcant difference (LSD) multiple range test at the 0.05 probability level (SAS Institute 1994) .
Base Temperature Determination. The relationship between temperature (x) and developmental rate (y, 1/d where d ϭ days for development) on preoviposition period and egg development were estimated with simple linear regression models based on raw data (Minitab) . The base temperatures (T 0 ) and the degree-day requirements for preoviposition period and the three egg development categories were derived from the regression equation: y ϭ a ϩ bx, T 0 ϭ -a/b, DD ϭ 1/b. The predicted number of degreedays above the estimated T 0 is the median degree-day requirement for the population sample investigated, i.e., when 50% of the moths/eggs reached the stage investigated (Campbell et al. 1974 ). The standard error of the predicted sum of degree-days is the standard error of the slope divided by the square of the slope (Campbell et al. 1974) .
Base temperatures were determined for preoviposition period and egg development by comparing the DD required for development. Degree-days were determined using the equation DD ϭ d i (t i -b), where d i ϭ mean development time in days, t i ϭ temperature at which the moths or the eggs were reared, and b ϭ the base temperature (Arnold 1959) . According to Arnold (1959) the true b gives the same number of degree-days at each temperature, as long as rearing temperatures are between the lower and upper developmental thresholds. An incorrect base temperature yields a different number of degree-days at each temperature. The assumption is that the rate of development in insects under natural conditions is largely determined by temperature (Liu et al. 1995) . Possible physiological mechanisms that act in addition to the rate summation effect to bring about acceleration or retardation of insect development under varying temperature conditions should not be disregarded (Worner 1992) . However, in this study, the latter mechanisms will not be pursued any further.
Results
Egglaying Activity and Fertile Eggs. The binary logistic regression lines provided a good description of the effect of temperature on egg laying activity and fertile eggs when the mean temperature of 14.5ЊC was excluded from the analyses ( Fig. 1 ; Tables 2 and 3 ). The proportion of containers with eggs at 14.5ЊC was only 0.25, whereas the two lower temperature regimes (12.25 and 13.75ЊC) had proportions of 0.42 and 0.44, respectively (Fig. 1) . No eggs developed to the red ring or to the black head stage at 14.5ЊC. Because eggs developed normally both at lower and higher temperature regimes, this phenomenon must have been generated by a factor other than temperature, such as contamination or some undetected mal function of the experimental chamber. Further, the goodness-of-Þt tests obtained from the binary logistic regressions, with 14.5ЊC included, gave a much poorer Þt than the goodness-of-Þt tests presented in Table 3 , providing additional support for excluding this temperature from the regression. Simple linear regression describing the effect of temperature (14.5ЊC excluded) on egg laying activity and fertile eggs did not Þt the data for egg laying activity very well (P value NS) (Fig. 1A) , but Þtted the data for fertile eggs (P ϭ 0.021) (Fig.  1.B) .
There is evidence that the parameter of temperature (temp) is signiÞcantly different from zero for both of the responses investigated ( Table 2 ). The coefÞcients for temperature (Table 2 ) estimate the change in the log of egg laying/no-egg laying, and the log of fertile eggs/no-fertile eggs for each unit (ЊC) increase in temperature. The odds ratios of temperature for egg laying activity and for fertile eggs (Table  2) , indicates the likelihood of these events occurring for each unit (ЊC) increase in temperature (Fig. 1 ). In addition, it was observed that in containers with developing eggs, most of the eggs in the same container developed.
Preoviposition Period. Preoviposition period (Table 4) was strongly dependent on temperature and population, but no interaction was detected between temperature and population in the combined analysis of the two populations (Table 4) . Additional analyses of eastern and western populations separately, showed that temperature had a strong inßuence on both populations studied (P ϭ 0.007, eastern population and P Ͻ 0.001, western population). The preoviposition period of both East and West populations decreased with increasing temperature (Fig. 2) . The preoviposition period for the eastern population averaged 14 d (range, 2Ð29 d), and the western population averaged 21 d (range, 5Ð52 d) (Fig. 2) .
Adult Longevity. Adult longevity was strongly dependent on temperature and sex, but there was no signiÞcant interaction between the two factors ( Table  4) . Analysis of males and females separately, showed that temperature had a strong inßuence on the longevity of both sexes (P ϭ 0.005). Longevity of both sexes tended to decrease longevity with increasing temperature. In general, females tended to live longer than males at all Þve temperatures studied (Fig. 3) . On average, females lived 46.7 d and males lived 39.0 d. The average difference between males and females at the different temperatures varied from 2 to 11 d (Fig.  3) .
Fecundity. Both realized fecundity and fertility appeared to be independent of temperature, or population, and there was no interaction between the two factors (Table 4) . In general, the number of eggs laid and the number of fertile eggs per female were highly variable at all temperatures investigated (Fig. 4) . The mean realized fecundity of ovipositing females was 30.6 eggs (range, 0 Ð138 in 2000) (Fig. 4) , and mean fertility was 28.5 eggs (range, 0 Ð133 in 2000) (Fig. 4) . The mean fecundity of all females in the study was 11.3 eggs (range, 0 Ð138 in 2000) (Fig. 4) . We observed that when very few eggs were laid (in the range 1Ð15 egg[s]), they seldom developed, i.e., they were probably sterile, indicating a positive correlation between the number of eggs laid and egg fertility. Possibly a lack of mating/fertilization leads to the oviposition of a few, sterile eggs.
Egg Development. Development time for eggs, was dependent on temperature for all development categories, but was independent of population, and there was no interaction between the two factors ( Table 5 ). The effect of temperature differed between the categories recorded (Table 5 ). There was a tendency for faster development at the two lowest temperatures for all stages (T 0 ϭ 10ЊC), but there was no overall pattern in the differences revealed by the LSD tests (Table 6 ). Mean development time for the red ring stage was 43.79 DD (Ϯ5.3), for the black head stage was 63.41 DD (Ϯ5.2) and for all eggs hatched was 109.56 DD (Ϯ5.6), with considerable variation among temperatures.
Larvae to Adults. Seven adults were obtained from seven of 40 boxes with larvae fed on diet in the experiments, one at 16.75ЊC, two at 20ЊC and four at 25ЊC. Physiological developmental time (base temperature 10ЊC) from the black head stage of the eggs until Þrst adult eclosion was between 466 Ð 660 DD, with a mean of 551 DD. The rest of the larvae entered diapause and did not pupate, in spite of the favorable light-conditions in all experimental chambers and presumably favorable temperatures in about half of the chambers (Table 1) . Binary logistic regression models with year or population included as additional factors did not lead to qualitatively different results, and the data were pooled.
a Odds ratio means the estimated probability for Egglaying to occur/No-egglaying and Fertile eggs/Non-fertile eggs for each unit (ЊC) increase in temperature.
b Mean temp 14.5ЊC excluded from the regression.
Base Temperature Determination. Base temperatures (T 0 ) and degree-day requirements for oviposition latency and the three egg developmental categories were derived using linear regression (Table 7) . Lack of Þt tests gave the following P values for the responses in Table 7 : Preoviposition period, eastern population (P ϭ 0.709), western population (P ϭ 0.450); red ring (P ϭ 0.313), black head (P ϭ 0.483), all eggs hatched (P ϭ 0.185). The P values indicate that the linear predictors alone are sufÞcient to explain the variation in the responses. The base temperatures (T 0 ) for preoviposition period were 7.7ЊC and 13.3ЊC for the eastern and western populations, respectively (Table  7) . However, egg laying was observed at temperatures below 13.3ЊC in both populations.
Base temperatures were also determined for preoviposition period (Fig. 5 ) and egg development (Fig.  6 ) by comparing the number of degree-day required for development. Figs. 5 and 6 illustrate how much bias can be introduced by using an incorrect base temperature. For preoviposition period the base temperature giving a nearly horizontal regression line is Ϸ11.0ЊC for both the eastern and the western population, but the western population requires Ϸ20 DDs more than the eastern population before the start of oviposition (Fig. 5) . By using 11.0ЊC as the base temperature the difference corresponds to 5 d at an average temperature of 15.0ЊC. The base temperatures giving a nearly horizontal line were 8ЊC for the red ring stage, 8.5ЊC for the black head stage and 9.0ЊC for all eggs hatched (Fig. 6) . The required degree-days for egg development were Ϸ60, 85, and 130 DDs for the red ring stage, the black head stage and all eggs hatched, respectively (Fig. 6) . 
Discussion
Egglaying Activity and Fertile Eggs. The current study conÞrmed that C. pomonella egg laying activity and fertility are highly affected by temperature ( Fig.  1 ; Tables 2 and 3 ). It also conÞrmed that egg laying may occur at an average temperature of 12.25ЊC in Norway, and Ϸ40% of the containers had eggs deposited at this temperature (Fig. 1A) . The estimated response curve for egg laying activity (Fig. 1A) , indicates that the mean temperature must be above 13.0ЊC for eggs to be deposited in Ϸ50% of the containers, and that between 15.0 Ð18.0ЊC eggs were deposited in Ϸ60 Ð 80% of the containers. Deseõ and Sáringer (1975) reported the average proportion of mated females to be Ϸ40% of the spring brood of native Þeld populations, and that Ϸ25% of the females oviposited.
Many early studies were performed in the United States to establish the lower threshold temperature for oviposition in C. pomonella. Isely and Ackerman (1923) (Arkansas), Newcomer and Whitcomb (1924) (Washington), Shelford (1927) Song and Riedl (1985) (New York) reported 11.3ЊC as the lower temperature threshold for male moth activity. Howell (1988) (Canada) found that mating occurred at temperatures as low as 12.7ЊC.
The papers mentioned above did not clarify the fraction of fertile eggs near the different threshold temperatures reported. The estimated response curves for fertile eggs (Fig. 1B) show that at a mean temperature of 13.0ЊC Ϸ20% of the containers had eggs that developed normally. The estimated response curves (Fig. 1B) show that the mean temperature had to be around 18.0 Ð21.0ЊC to achieve fertile eggs in 50% of the containers.
Our results suggest that allele-frequencies for egg laying activity in the Norwegian population of codling moth may have changed. It would be advantageous for Norwegian populations to be able to reproduce at slightly lower temperatures than in most other areas where the species is distributed. The codling moth is well known for its extreme ecological plasticity (ShelÕdeshova 1967) and its adaptiveness to local climate and host conditions (Riedl and Croft 1978) . We did not Þnd support for the second hypothesis that the two subpopulations had different threshold temperatures for oviposition (Table 2) .
Preoviposition Period. Isely and Ackerman (1923) (Arkansas) found that the preoviposition period was strongly affected by temperature, and they reported that when temperatures were favorable, moths usually started depositing eggs 2 d after emergence. They also found that the preoviposition period is much longer when colder weather prevails, and that the latent period was extended more than 1 wk. Preoviposition period of C. pomonella is reported in early papers by Newcomer and Whitcomb (1924) Although the studies mentioned above did not include temperatures as low as tested here (Fig. 2) , their results are quite comparable at the three to four highest temperatures in the current study. There were signiÞcant differences in the preoviposition period between the two Norwegian populations studied, in that the western population had a longer period of latency (Table 4 ; Fig. 2) . The western population required Ϸ20 DDs more for preoviposition period than the eastern population at a base temperature of 11.0ЊC.
Adult Longevity. Isely and Ackerman (1923) (Arkansas), Newcomer and Whitcomb (1924) (Washing- ANOVA models with study years included as an additional random factor did not lead to qualitatively different results, and study years were pooled.
a Mean temperature 14.5ЊC excluded from the analysis, because of lack of data. ton), Yothers and van Leeuwen (1931) (Oregon) and Geier (1963) (Australia) reported average longevities between 9 and 15 d for males and between 12 and 17 d for females, which are shorter than the longevity observed in the current study at some temperatures. However, the published studies were performed at higher temperatures than those presented here (Fig.  3) . Feeding the moths with honey solution may have prolonged longevity, but the authors cited above did not report if and how moths were fed. Howell (1981) reported that providing moths with water or food increased longevity, but did not signiÞcantly increase fecundity and fertility. By comparing preoviposition period ( Fig. 2 ) with adult longevity (Fig. 3) , it is clear that adult longevity was sufÞciently long at all temperatures to permit oviposition.
Fecundity. Mean fecundity was calculated based on all females in a container, but all females in the same container may not have laid eggs. Therefore, mean fecundity per egg laying female might have been slightly higher at all temperatures investigated if the experiments had been carried out with one female per container, as in 2000. However, year as a random factor in analyses of variance did not lead to qualitatively different results (Table 4) . Deseõ and Sáringer (1975) reported that the average fecundity of ovipositing females of native populations was Ϸ70 eggs per female of the spring brood, and Ϸ100 eggs per female of the summer brood. They also found that the average fecundity of all females in the population was Ϸ20 eggs per female for the spring brood, and almost 90 eggs per female of the summer brood. During diapause the changes concerning reproductive activity becomes intensiÞed, and causes reduction of both receptivity of females and mating vigour, which gave an explanation of the lower fecundity of the spring brood (Deseõ and Sáringer 1975) .
The codling moth has only one generation per year in Norway (S¾thre and Edland 2001). The mean and range of fecundity of the populations sampled in this study (Fig. 4) , lay within the range of several studies (Isely and Ackerman 1923 Cisneros and Barnes 1974 [California] ), especially those reported for spring broods. These data suggest that realized fecundity per female is comparable between Australia, America, and Europe.
Even though temperature had a major impact on egg laying activity (Table 2; Fig. 1 ) and on preovipositon period (Table 4 ; Fig. 2) , it did not seem to affect the total number of eggs deposited per egg laying female or the fertility of those eggs (Table 4 ; Fig. 4) . The results might have been slightly different if egg hatch had been recorded rather than black head stage, which is the stage close to hatching. Howell and Neven (2000) reported that a constant temperature of 14.8ЊC gave the best percent egg hatch (84%). The Table 6 . Physiological development time in DD Celsius (mean DD ؎ SEM) at constant and alternating temperatures for C. pomonella eggs (threshold temp. 10°C). The stages of development were from egglaying to the red ring stage, the black head stage and all eggs hatched. Glen and Brain (1982) , Blago (1992b) , Gottwald (1996) and Howell and Neven (2000) are close to the results obtained in the current study (black head stage and all eggs hatched, Table 6 ). The degreeday requirements for the red ring stage reported by Richardson et al. (1982) (47 DD) is similar to that found in this study, while the degree-days for the black head stage (123 DD) is almost double that found in the current study (Table 6 ). Howell and Neven (2000) concluded that the physiological development time of the eggs seems to be geographically consistent, and that this may have a genetic basis, because of the common origin area of the species (Pashley and Bush 1979) . The results obtained in this study support the conclusion of Howell and Neven (2000) .
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Larvae to Adults. That so few larvae developed to adults indicates that diapause is obligate in the Norwegian populations of the codling moth, because the mechanism controlling it was not affected by manipulation of light and temperature regimes in the laboratory. ShelÕdeshova (1967) reported that the length of day needed to induce diapause in all codling moth larvae shifted from 18 h in a Leningrad population (60Њ N) to 13 h in a Central Asian population (39Њ N), at a constant temperature of 25.0ЊC. Most of the populations investigated by ShelÕdeshova (1967) responded to an increase in daylength by a decrease in the percentage of diapausing larvae. However, the population from Leningrad showed very little response to increasing daylength compared with the other populations. Induction of diapause in the Leningrad population is expected to be 100% already by the end of June (ShelÕdeshova 1967). The population from Leningrad is probably comparable to the Norwegian populations, which were sampled between 59 Ð 61Њ N, and supports the idea that diapause in these northern populations is obligate. This means that even in very warm summers one should not expect a second generation. Riedl and Croft (1978) reported that the photoperiodic reaction in North American populations displayed clinal-type variation similar to populations in Europe. They found that a latitudinal shift of 10Њ to the north corresponded to an increase of 1.25 h in the critical photoperiod.
Base Temperature Determination. The low coefÞ-cient of determination (r 2 ) for preoviposition period, and perhaps also the red ring stage of the eggs (Table  7) , can be explained partly by the regressions being based on raw data (not means), including outliers. Outliers were identiÞed by plotting the residuals versus the model Þt. Preoviposition period outliers arose from individuals laying eggs on the Þrst day of the experiments (rate ϭ 1/1). When these observations were excluded from the regression analysis for the eastern population, r 2 ϭ 0.22, T 0 ϭ 10.4ЊC and DD ϭ 39.4. Doing the same with the western population, r 2 ϭ 0.30 (did not change much), T 0 ϭ 11.7ЊC and DD ϭ 33.8. However, from a biological point of view it is not unusual that some moths lay eggs on the second day after emergence. The behavior of the moths might be affected by factors other than temperature, and differences in individual developmental rates in all life stages are caused by genetic variation within the population (Johansen 1997) . For this reason none of the observations were excluded from the regression (Table 7). The conÞdence interval (CI) around T 0 (Table  7) for the preoviposition period was quite large for the eastern population, and might be explained by small sample size, but was also caused by high variation among individual observations.
The observed degree-day requirements for egg development in Fig. 6 is closer to the regression line for the black head stage and for all eggs hatched than for the red ring stage. Richardson et al. (1982) reported some difÞculties in determining precisely when the red ring stage occurred since it was not always visible in eggs reared in the laboratory, and they assumed that this phenomenon was caused by light quality. In the current study the red ring was not always fully visible, sometimes being pale or almost whitish in color, which might have caused some eggs in this stage to be observed somewhat late. This might have contributed to the relatively low r 2 compared with the other two egg stages (Table 7) .
The two methods of estimating the base temperatures simple linear regression and comparison of the number of thermal units required for development, generated different results for preoviposition period and egg development (Table 7; Figs. 5 and 6). Since the estimated base temperatures were not the same, the estimated degree-day requirements are not directly comparable. The differences are mostly due to the regressions in Table 7 being performed on raw data (possible outliers included), while Figs. 5 and 6 were based on means. Outliers can greatly inßuence the calculation of a regression equation, and actually cause the results to be misleading, while using means reduces their inßuence.
The eastern population seems to have a much lower base temperature for ovipositon than the western population (Table 7) . The conÞdence intervals (CI) (Table 7) indicate that the variability concerning the threshold temperature for oviposition is larger within the eastern population than it is within the western population. The base temperatures obtained by using the means (Fig. 5) indicate that both populations have a base temperature of Ϸ11.0ЊC, and that the western population requires Ϸ20 DD more before oviposition occurs. The estimated base temperatures and degreeday requirements for preoviposition period must be validated with Þeld data before conclusions are drawn. However, the ßight period of C. pomonella in Norway always occurs 1 or 2 wk later in the western climatic subzone than in the eastern subzone (M.-G.S. and T.H., unpublished data). Glenn (1922 ), Vasiliev (1958 , Suski (1978) and Howell and Neven (2000) reported that 10ЊC was the correct base temperature for egg development of C. pomonella. ShelÕdeshova (1967) reported a lower threshold temperature of development of all preimaginal stages around 10ЊC or slightly lower. The current study suggests that the base temperature for egg development for the Norwegian populations of the codling moth, is lower than 10ЊC (Table 7 ; Fig. 6 ). This is supported by extrapolating the linear regression line in Fig. 1B to the x intercept, where 9.4ЊC is estimated as the base temperature for development of the eggs. However, it would be of value to investigate this further using an experimental design where each egg is followed individually, and hatching time recorded.
In conclusion, our data suggest that the Norwegian populations of the codling moth lay eggs at lower temperatures than reported previously from other countries (Fig. 1A) . However, below 15ЊC Ͻ40% of the population deposits eggs that develop to the black head stage (Fig. 1B) . In nature, the longer preoviposition periods found below 15ЊC (Fig. 2) , might indirectly contribute to even lower oviposition than recorded in this study, because many moths probably die before laying their eggs. However, a lack of oviposition stimuli might have contributed to a prolonged preoviposition period in the laboratory, as reported by Tammaru and Javoiš (2000) for three species of Geometridae. Geier (1963) reported that egg mortality was very low throughout the season, while a substantial proportion of newly hatched larvae were lost before entering the fruit. About one-third of the eggs resulted in deep entries by larvae into fruit under favorable weather conditions (Geier 1963) . Mean total fecundity in this study was Ϸ11 eggs per female. Combined with the Þndings of Geier (1963) the number of damaged fruits would be 3Ð 4 per female moth. ShelÕdeshova (1967) reported that the codling moth is of particular signiÞcance as a pest in regions where the effective temperature sum exceeds 750 degree-days (threshold 10ЊC), i.e., where complete development of the population is ensured. Before spraying is rec-ommended, rainfall occurring around hatching time of the eggs should be taken into consideration, because rainfall is the most important cause of mortality of Þrst instars just beneath the epidermis of fruit (Anonymous 2000) . With all this in mind, spraying against the codling moth in Norway should only be recommended in years when temperatures are equal to or above 14 Ð15ЊC during the ßight period of the moths, and when population densities are high.
